Background: Delays in treatment time are commonplace for patients with ST-segment elevation acute myocardial infarction who must be transferred to another hospital for percutaneous coronary intervention. Experts have recommended that door-in to door-out (DIDO) time (ie, time from arrival at the first hospital to transfer from that hospital to the percutaneous coronary intervention hospital) should not exceed 30 minutes. We sought to describe national performance in DIDO time using a new measure developed by the Centers for Medicare & Medicaid Services.
F
OR PATIENTS ARRIVING AT AN emergency department (ED) with ST-segment elevation m y o c a r d i a l i n f a r c t i o n (STEMI) or left bundle branch block myocardial infarction, early treatment with percutaneous coronary intervention (PCI) is associated with significant improvement in outcomes, including mortality. [1] [2] [3] With recent increased efforts to understand and reduce delays in treatment as captured by door-toballoon (D2B) time, advances in knowledge about how to provide timely PCI, 4 and implementation of national initiatives, [5] [6] [7] a considerable reduction in D2B delays has been observed. 8 The improvements in D2B times, however, reflect only the experience of patients who arrive directly at a hospital that provides primary PCI and exclude the experience of patients who are transferred to another hospital for PCI. A recent study 9 indicates that patients who are transferred from one hospital to another for PCI experience long delays in PCI treatment. The primary PCI should be performed at least within 120 minutes, which would be no more than 90 minutes longer than the time required to deliver fibrinolytic therapy. 10, 11 A critical part of this process is the time spent in the referring hospital ED before transfer. Expert consensus, including the American Heart Association/ American College of Cardiology Performance Measures for STEMI, 12 indicates that the door-in to door-out (DIDO) time, defined as the time from patient presentation to patient discharge from the transferring hospital, should be within 30 minutes. 13, 14 A DIDO time of longer than 30 minutes has been associated with a 56% odds increase in the risk of in-hospital mortality. 15 However, little is known about how frequently this goal is met nationally. To address this issue, the Centers for Medicare & Medicaid Services (CMS) has developed a new performance measure that characterizes the DIDO time. 16 Accordingly, we set out to examine national performance in DIDO time for patients with STEMI using data collected for the new performance measure by CMS about patients hospitalized in 2009. This measure is not restricted to Medicare patients. Also, we sought to determine the associations of DIDO time with patient and hospital characteristics and to report the percentage of patients who are transferred within 30 minutes 13, 14 and the percentage whose times exceeded 90 minutes. These findings can be critically useful for planning improvement efforts and monitoring quality. We also report DIDO time for each state.
METHODS
This is a retrospective observational study of CMS OP-3 (CMS Outpatient measure 3) measure, which is an assessment of the DIDO time for patients, in which we performed an analysis of DIDO times for patients who presented at an ED with STEMI and were transferred from the ED to another hospital for PCI. 16 All patient-level data were reported by the ED hospital to CMS, and all information regarding ED hospitals was available from an existing CMS hospital database.
STUDY POPULATION
Our population is determined by CMS reporting requirements. In accord with the CMS Outpatient Prospective Payment System Final Rule 17 of November 2007, hospitals were required to report data regarding hospital outpatient care in order to receive the full Outpatient Prospective Payment System payment rate, effective for payments beginning in calendar year 2009. For acute myocardial infarction outpatient care measures, hospitals were required to report data for patients at least 18 years of age who were evaluated in the ED with a primary diagnosis of STEMI (ST-segment elevation or left bundle branch block on the electrocardiogram closest to ED arrival). Hospitals submitted data to CMS quarterly and could choose to randomly sample patients, stratified by Medicare status, if the hospital had more than 80 outpatients with acute myocardial infarction in the quarter. Only outpatients who were transferred for primary PCI were included in the time-to-transfer measure. The complete reporting criteria are publicly available at the QualityNet Web site. 16 We provide summary results on the set of all data submitted during 2009; all other analyses include data only on all patients reported by hospitals that submitted data regarding at least 5 eligible patients for the time-to-transfer measure from January 1 through December 31, 2009.
DATA MEASUREMENT Outcome
Our outcome was DIDO time, measured at the patient level as the time from arrival in the ED to discharge from the same ED for patients who were transferred to another hospital for primary PCI. For hospitals and states, we summarized this as the median DIDO time for all patients transferred from that hospital or in that state.
Independent Variables
We assessed for patient age (18-35, 36-45, 46-55, 56-65, 66-75 , and Ͼ75 y), sex, racial classification (white, African American, other, and unknown), time and date of arrival at the ED (7 AM-5 PM weekdays vs off-shift), and whether any reason was given for not using fibrinolytic therapy (contraindication vs none); these data are reported to CMS by the ED hospital for each transferred patient. We also assessed hospitals by number of beds (1-99, 100-150, or Ͼ150), Census region, ownership (government owned, for profit, and nonprofit), location (rural or urban), and number of transfers reported (5-9, 10-14, or Ն15). Information about hospitals was taken from the Program Resource System, a national provider database maintained by CMS and the Quality Improvement Organizations.
STATISTICAL ANALYSIS
We calculated median DIDO time and the interquartile range (IQR) in minutes for the overall patient population reported during the study period and then stratified by patient age, sex, race, contraindication, and arrival shift. We used a regression model to assess the association between these characteristics and DIDO time; because time in minutes was highly skewed, we used the natural logarithm of minutes as the dependent variable. For each characteristic, we reported the P value for the overall Wald test, testing the hypothesis that the associations for categorical variables constituting each characteristic were jointly equal to zero. We calculated the number and percentage of patients with a DIDO time of 30 minutes or less, and, to better assess the number of extreme delays in DIDO time, those with times longer than 90 minutes.
Because the CMS performance measure is median DIDO time for each hospital, we summarized the median DIDO time and its corresponding IQR of hospital median times for all hospitals, and then stratified by hospital bed size, ownership, geographic Census region, location (rural or urban), and number of eligible patients. We assessed the association of hospital characteristics with median time by estimating an ordinary least squares multivariable model for each characteristic, with median hospital time as the dependent variable.
To assess the independent association of patient and hospital characteristics with DIDO time, we estimated a mixedeffects model with natural logarithm of DIDO time as the dependent variable and the intercept specified as random across hospitals. 18 This model included all patient and hospital characteristics described earlier. We used simulation to convert coefficients and standard errors to natural units 19 and Wald tests to assess the joint significance of multiple category variables. For all patients included in the study, we calculated the median and IQR of DIDO times by US state for each state with at least 10 patients. We used an ␣ of .05 to determine statistical significance. We conducted all analyses using SAS, version 9.1.3 (SAS Institute, Inc, Cary, North Carolina) and STATA, version 11.1 (StataCorp LP, College Station, Texas).
RESULTS
The total number of patients for whom data were submitted during the 12-month study period was 15 530 at 1841 hospitals; the median (IQR) DIDO time for this group was 66 (45-110) minutes. Data for 1754 of these patients (11.3%) were submitted by hospitals that reported fewer than 5 patients; after excluding these patients, 13 776 patients at 1034 hospitals remained in the study sample, with hospital median (IQR) volume of 10 (7-17) patients. The median (IQR) DIDO time for these patients was 64 (43-104) minutes; 1343 (9.7%) were transferred within 30 minutes, and 4267 (31.0%) were transferred in longer than 90 minutes. DIDO time was longer for females, patients who were other than white, older patients, and patients with a contraindication to fibrinolytic therapy (all PϽ.001) ( Table 1) . Among patients with no contraindication, 75% had DIDO time longer than 43 minutes, and 25% had DIDO time longer than 110 minutes.
The median (IQR) hospital DIDO time among the 1034 hospitals reporting data for at least 5 patients for the 12-month period was 68 (52-91) minutes ( Table 2 and Figure) . Thirteen hospitals (1.3%) had median DIDO time of 30 minutes or less. In bivariate analyses, median times were significantly longer for hospitals that had less than 100 or more than 150 beds; were government owned; were rural; reported data for less than 10 cases; or were located in Mountain, West South Central, or Mid Atlantic geographic regions (all Wald P Ͻ.05).
Results of the multivariable model (Table 3) were similar to the bivariate results. After adjusting for patient and hospital characteristics, women had a mean (95% CI) estimated time 8.9 (5.6-12.2) minutes longer than men; African Americans had an estimated time 9.1 (2.7-16.0) minutes longer relative to patients reported as white; patients aged 18 to 35 had an estimated time significantly longer than that for all except the group older than 75 years, with a time 18.3 (9.5-27.0) minutes longer relative to patients aged 46 to 55; and patients with contraindications to fibrinolytic therapy had an estimated time 6.9 (1.6-11.9) minutes longer than those without contraindications (all P Ͻ .001). Among the hospital characteristics, rural hospitals had an estimated DIDO time 15.3 (7.3-23.5) minutes longer relative to urban hospitals, and hospitals in the East and West North Central regions had significantly shorter DIDO times than those in the New England region (all PϽ.001). Compared with hospitals that reported 5 to 9 patients, hospitals reporting 15 patients or more had a time 14.4 (6.6-21.3) minutes shorter. Compared with private for-profit hospitals, government-owned hospitals had an 8.1 (−2.9-18.2) minute delay. Bed size was not significant after controlling for the other variables in the model. Median DIDO varied across US states with at least 10 reported patients (Table 4) , with the top-10 performing states having median times no greater than 52 minutes and the bottom 10 states having median times greater than 78 minutes.
COMMENT
Timely primary PCI treatment for patients with STEMI who are admitted to hospitals without PCI capabilities requires, as a first step, rapid evaluation and transfer. In the first national assessment of performance in this criti- cal phase of treatment, we find that median times are more than double the 30 minutes recommended by many experts, with DIDO times exceeding 1 hour for more than half of patients. Moreover, marked variability is observed in DIDO times by patient and hospital characteristics, including geographic location. National publicly reported measures of D2B times have included only patients who present directly to a PCI hospital. This public reporting, along with advances in knowledge about how to provide timely care and national quality initiatives, has led to marked improvements in the timeliness of treatment. 5, 6, 8, 20, 21 However, concerns are growing that patients who require transfer for primary PCI often have times that far exceed guideline-recommended standards. 9, 22, 23 Given a median time of 66 minutes at the first hospital and an unknown transit time to a second hospital, the challenge to achieve overall D2B times of less than 90 minutes for transferred patients is clear. Nallamothu et al 9 and Chakrabarti et al 22 reported that the time from presentation at the first hospital to PCI at the second hospital for 96.8% of transferred patients exceeded 90 minutes on the basis of the experience of hospitals participating in national registries. Measurement of the total D2B time (from first hospital to second) is technically difficult because it requires data from 2 hospitals or relies on data reported from the receiving hospital, which may have limitations in assessing the DIDO time. We assessed this first phase with data directly collected from the transferring hospital to provide some insight into the quality of care at that hospital and the likelihood that rapid primary PCI can be accomplished. A previous study has shown that times longer than 30 minutes are associated with a much higher risk of inhospital mortality. 15 Our analysis of the CMS data provides strong evidence for the need to improve this aspect of care based on a comprehensive national assessment.
Evidence exists that faster DIDO time can be achieved by effective statewide collaborative initiatives. The Reperfusion of Acute Myocardial Infarction in Carolina Emergency Departments initiative is an example of a successful program that began in North Carolina in 2007 with the intent to establish a statewide system for reperfusion to overcome systemic barriers. 14, 24 Strategies in this initiative to reduce door-to-transfer times include leaving patients "on the stretcher" while the transfer decision is made and eliminating intravenous drips for transfers. 24 Participating North Carolina hospitals have reported improvements in times, and our study shows that their current performance is much better than that of the aggregate of the other states. A similar statewide initiative in Minnesota also may be reflected in the performance of that state. 25 We show marked patterns of delays by age, sex, and race. Although these findings could result from differences in presentation or other clinical factors, we cannot exclude the possibility that quality of care varies by these patient characteristics. Previously, disparities by race in D2B times were shown. 26 With improvements in the overall timeliness of care, this disparity has been considerably reduced, with the greatest improvements among racial minorities with the longest times. 27 This experience provides hope that improvements in the DIDO time for all patients would close or eliminate this gap in quality by patient demographic characteristics.
Our findings suggest that many patients may have benefitted from fibrinolytic therapy at the transferring hospital rather than from transfer for primary PCI. More than 75% of patients had no evidence of contraindication; yet, most had times greater than 30 minutes and many had times greater than 90 minutes. According to the 3 recent American College of Cardiology/American Heart Association performance measures for STEMI, 12 these patients may have had better outcomes if they had been treated with fibrinolytic therapy and subsequent PCI within 3 to 24 hours.
We found no significant transfer time difference associated with time of arrival (regular vs off-shift) at the hospital after adjusting for other patient characteristics. This finding was consistent with that of a previous examination of door-to-needle times 28 a possible explanation is that the transfer process-patient evaluation, treatment decision, and transfer initiation-and the DIDO time are primarily or exclusively determined within the ED, which is typically staffed at a similar level 24 hours daily, even at smaller hospitals.
Hospital median times to transfer varied substantially, with one quarter of hospitals having median times of 52 minutes or less and one quarter of hospitals having median times of 91 minutes or longer. Differences in times by type and location of hospital also were notable. Hospitals with more beds or more eligible patients had shorter median times, which may reflect a volume outcome effect or a greater likelihood of institutional commitment to reducing transfer time. Hospitals that transfer many patients are more likely to have systems in place to more efficiently facilitate transfers compared Abbreviations: DIDO, door-in to door-out; ellipses, not applicable.
with hospitals that transfer few patients. Rural hospitals may be limited by lack of transportation, with delays partially attributable to time spent waiting for helicopter arrival and greater distances to PCI hospitals. Regional differences are explained less easily, unless the greater travel distances in Western and Pacific regions create a greater sense of urgency among hospitals that transfer many patients. Our study has several limitations. First, we are unable to evaluate many factors that can affect DIDO time. Thus, in this study we cannot explore further which patients are most likely to experience the longest times and which factors may enhance performance in the best hospitals. Moreover, there may be some legitimate patientcentered reasons for delays. However, we found that it was rare to achieve the transfer-out time within 30 minutes, suggesting that this is more of a systemic problem than one related to an issue of a subset of patients. Second, the focus is on DIDO time from the ED, and we do not address direct transfers or the role of prehospital electrocardiograms in triage or regionalization strategies. [29] [30] [31] [32] Third, the hospitals are providing data based on self-report of the times for patients transferred for an anticipated procedure. However, the data used herein are from submissions to CMS as required by the CMS Prospective Payment System. The current study makes use of data that are planned to be publicly available and therefore adhere to CMS standards for publicly reported data. Data are collected retrospectively, and it is mandated that hospitals use a measurement system endorsed by the Joint Commission. Determination of "transfer for PCI" is made according to the documentation in the patient medical record; although the referral hospital may not perform the PCI, it anticipates that the transfer takes place for that purpose. Fourth, we have no information regarding transit times or D2B time at the PCI hospital, nor do we have data regarding patient outcomes, and cannot link DIDO time directly to mortality or morbidity. Nevertheless, prior work has established the importance of timely reperfusion, and these delays undoubtedly contribute to longer total D2B times and worse outcomes. 2 The strength of the study is the inclusion of a national group of 1841 hospitals and information drawn directly from the institutions that are transferring.
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